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(57) ABSTRACT

The various embodiments include methods and apparatuses
for providing multiple memories on a multi-slot communica-
tion device or on a multi-slot communication device and a
wireless device as a single, contiguous, combined memory.
The memories may include various types of universal serial
bus (USB) and/or universal integrated circuit card (UICC)
memories. Ranges of physical addresses of portions of each
memory may be associated with a range of virtual addresses
of the combined memory. The associations of physical and
virtual addresses may be stored on the multi-slot communi-
cation device. A single memory access request to the com-
bined memory may be made using the virtual addresses, then
translated into multiple memory access requests for the indi-
vidual memories using the physical addresses. Providing
memory access requests to a memory on the wireless device
may be accomplished by connecting to the memory on the
wireless device over a wireless network by the multi-slot
communication device.

30 Claims, 13 Drawing Sheets
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ENHANCED STORAGE OPTION IN
MULTI-SLOT COMMUNICATIONS
SUPPORTING USB UICC SIM CARDS

RELATED APPLICATIONS

This application is related to U.S. patent application Ser.
No. 14/593,526 entitled Enhanced Storage Option In Multi-
slot Communications Supporting USB UICC SIM Cards,
which is filed concurrently herewith.

BACKGROUND

Various wireless communication networks require that
user equipment/mobile devices, such as smartphones,
employ universal integrated circuit cards (UICCs) supporting
user identity module (UIM) functions to communicate over
the wireless communication networks. UIM functions may
include subscriber identity module (SIM) functions for con-
necting to Global System for Mobile Communications
(GSM) based wireless communication networks, universal
SIM (USIM) functions for connecting to Universal Mobile
Telecommunications System (UMTS) based wireless com-
munication networks, and/or CDMA SIM (CSIM) functions
for connecting to code division multiple access (CDMA)
based wireless communication networks. Mobile devices
have been developed to accommodate the use of multiple
UICCs so that the mobile device may communicate over
different wireless communication networks and/or so mobile
device users may have multiple wireless communication net-
work accounts, for various reasons, such as separating per-
sonal and professional accounts. UICCs have been developed
to communicate with mobile devices via universal serial bus
(USB) interfaces and to incorporate onboard memory stor-
age. Mobile devices configured to use multiple UICCs may
include multiple slots, each slot configured to accommodate
one UICC at time.

On multi-slot communication devices, memory storage for
different USB UICC UIM cards are currently mounted onto
different mount points and users can use the USB UICC UIM
cards as separate memory storage units. A file size of a file to
be stored on the memory storage of the USB UICC UIM cards
is currently limited to the storage space of a single USB UICC
UIM card. Files bigger than the available storage space of a
single USB UICC UIM card cannot be stored on the USB
UICC UIM cards, even when the total storage capacity avail-
able from all the available USB UICC UIM cards is greater
than the file size.

SUMMARY

The methods and apparatuses of various embodiments pro-
vide circuits and methods for managing multiple memory
devices as a single contiguous memory that may include
determining a portion of a memory on a multi-slot commu-
nication device is associated with a portion of a removable
memory as the single contignous memory, attempting to
access the single contiguous memory on the multi-slot com-
munication device, determining that the removable memory
is inaccessible on the multi-slot communication device, iden-
tifying a unique identifier of the removable memory, connect-
ing to the removable memory connected to a wireless device
via a wireless network by the multi-slot communication
device, and accessing the memory and the removable
memory as the single contiguous memory by the multi-slot
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communication device using the wireless network to access
the removable memory by the multi-slot communication
device.

Some embodiment methods may include translating a
memory access request for a virtual memory address to at
least one memory access request for a physical address of at
least one of the memory on the multi-slot communication
device and the removable memory on the wireless device.

In some embodiments, translating a memory access
request for a virtual memory address to at least one memory
access request for a physical address of at least one of the
memory on the multi-slot communication device and the
removable memory on the wireless device may include trans-
lating the memory access request for the virtual memory
address to a plurality of memory access requests for physical
addresses of both the memory and the removable memory.

Some embodiment methods may include dividing a file or
group of files of the memory access request for the virtual
memory address among the plurality of memory access
requests for the physical addresses of both the memory and
the removable memory.

In some embodiments, accessing the memory and the
removable memory as the single contiguous memory by the
multi-slot communication device using the wireless network
to access the removable memory by the multi-slot communi-
cation device may include sending the memory access request
for the physical address of the removable memory to the
removable memory over the wireless network by the multi-
slot communication device.

In some embodiments, translating a memory access
request for a virtual memory address to at least one memory
access request for a physical address of at least one of the
memory on the multi-slot communication device and the
removable memory on the wireless device is accomplished in
amiddle layer, and may include operating an application in an
application layer using the virtual memory address as if the
memory and the removable memory were a single contiguous
memory within the multi-slot communication device.

In some embodiments, determining a portion of a memory
on a multi-slot communication device is associated with a
portion of a removable memory as the single contiguous
memory may include retrieving an entry of memory correla-
tion data correlating a unique identifier of the memory and the
unique identifier of the removable memory on the multi-slot
communication device.

In some embodiments, the removable memory is a remov-
able universal integrated circuit card (UICC) memory, the
wireless network is cellular network, and connecting to the
removable memory connected to a wireless device via a wire-
less network may include connecting to the removable UICC
memory connected to the wireless device via the cellular
network using the unique identifier of the removable UICC
memory by the multi-slot communication device.

In some embodiments, the UICC memory is a universal
serial bus (USB) UICC memory. In some embodiments, the
memory is a universal serial bus (USB) memory.

In some embodiments, connecting to the removable
memory connected to a wireless device via a wireless net-
work by the multi-slot communication device may include
engaging in a handshake exchange of information, and
enabling a data connection to the removable memory.

In some embodiments, engaging in a handshake exchange
of information may include engaging in a handshake
exchange of information via a first wireless network, and
enabling a data connection to the removable memory may
include enabling a data connection to the removable memory
via a second wireless network.



US 9,385,772 B1

3

In some embodiments, the first wireless network may
include a cellular network, and enabling a data connection to
the removable memory via a second wireless network may
include using one of a wireless local area network (WLAN)
protocol, a Bluetooth data link, and a WiFi Direct data link.

Some embodiment methods may include receiving, from
the wireless device, details of the portion of the removable
memory offloaded by the wireless device to means for iden-
tifying another memory, updating a memory correlation table
to reflect the details of the portion of the removable memory
offloaded by the wireless device to the other memory, and in
some embodiments accessing the memory and the removable
memory as the single contiguous memory by the multi-slot
communication device using the wireless network to access
the removable memory by the multi-slot communication
device may include accessing the memory and the other
memory containing the portion of the removable memory
offloaded by the wireless device to the other memory as the
single contiguous memory by the multi-slot communication
device.

Embodiments include a multi-slot communication device
having a first memory device interface slot configure to con-
nect to a memory, a second memory device interface slot
configure to connect to a remote memory, and a processor
configured to execute a memory manager component and
configured with processor-executable instructions to perform
operations of one or more of the embodiment methods
described above.

Embodiments include a multi-slot communication device
having means for performing functions of one or more of the
embodiment methods described above.

Embodiments include a non-transitory processor-readable
medium having stored thereon processor-executable software
instructions to cause a processor to perform operations of one
or more of the embodiment methods described above.

BRIEF DESCRIPTION OF THE DRAWINGS

The accompanying drawings, which are incorporated
herein and constitute part of this specification, illustrate
exemplary embodiments of the invention, and together with
the general description given above and the detailed descrip-
tion given below, serve to explain the features of the inven-
tion.

FIG. 1is a communication system block diagram illustrat-
ing a network suitable for use with various embodiments.

FIG. 2 is a component block diagram illustrating various
embodiments of a multi-slot communication device.

FIG. 3 is a component block diagram illustrating an inter-
action between components of different transmit/receive
chains in various embodiments of a multi-slot communica-
tion device.

FIG. 4 is a component block diagram illustrating a system
for combining USB UICC memories in accordance with vari-
ous embodiments.

FIG. 5 is a component block diagram illustrating a USB
UICC memory correlation table in accordance with various
embodiments.

FIGS. 6A-6C are illustrations of combined USB UICC
memory on a multi-slot communication device in accordance
with various embodiments.

FIGS. 7A-7C are illustrations of combined USB UICC
memory on a multi-slot communication device in accordance
with various embodiments.

FIGS. 8A-8C are illustrations of combined USB UICC
memory on separate multi-slot communication devices in
accordance with various embodiments.
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FIGS. 9A-9C are illustrations of combined USB UICC
memory on separate multi-slot communication devices in
accordance with various embodiments.

FIG. 10 is a process flow diagram illustrating a method for
providing a combined USB UICC memory in accordance
with various embodiments.

FIG. 11 is a process flow diagram illustrating a method for
handling a memory access request to a combined USB UICC
memory in accordance with various embodiments.

FIG. 12 is a process flow diagram illustrating a method for
combining USB UICC memories in accordance with various
embodiments.

FIG. 13 is a process flow diagram illustrating a method for
executing a memory access request to acombined USB UICC
memory in accordance with various embodiments.

FIG. 14 is a component diagram of an example multi-slot
communication device suitable for use with various embodi-
ments.

FIG. 15 is component block diagram illustrating an
example mobile computing device suitable for use with the
various embodiments.

FIG. 16 is component block diagram illustrating an
example server suitable for use with the various embodi-
ments.

DETAILED DESCRIPTION

The various embodiments will be described in detail with
reference to the accompanying drawings. Wherever possible,
the same reference numbers will be used throughout the
drawings to refer to the same or like parts. References made to
particular examples and implementations are for illustrative
purposes, and are not intended to limit the scope of the inven-
tion or the claims.

The word “exemplary” is used herein to mean “serving as
an example, instance, or illustration.” Any implementation
described herein as “exemplary” is not necessarily to be con-
strued as preferred or advantageous over other implementa-
tions.

The terms “computing device,” “mobile device,” and
“wireless communication device” are used interchangeably
herein to refer to any one or all of cellular telephones, smart-
phones, personal or mobile multi-media players, personal
data assistants (PDAs), laptop computers, tablet computers,
smartbooks, ultrabooks, palm-top computers, wireless elec-
tronic mail receivers, multimedia Internet enabled cellular
telephones, wireless gaming controllers, and similar personal
electronic devices which include a memory, a programmable
processor and wireless communication circuitry. As used
herein, the term “multi-slot communication device” refers to
a wireless communication device that includes at least two
interface slots for connecting to UICCs. In some embodi-
ments a multi-slot communication device may be a multi-
SIM communication device capable of communicating with
two or more mobile communication networks.

Descriptions of the various embodiments refer to multi-
slot communication devices, which may include mobile
devices capable of concurrently interfacing with multiple
universal integrated circuit cards (UICCs). The multi-slot
communication devices may embody any multiple-technol-
ogy (multi-technology) wireless communication device that
may individually maintain a plurality of connections to a
plurality of mobile networks through one or more radio com-
munication circuits and one or more types of user identity
module (UIM) associated with the UICCs. For example, the
various embodiments may be implemented in multi-SIM
multi-active devices of any combination of number of sub-
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scriber identity modules (SIM) and concurrently active sub-
scriptions. Multi-technology devices enable a user to connect
to different mobile networks (or different accounts on the
same network) while using the same multi-technology com-
munication device. For example, a multi-technology commu-
nication device may connect to GSM, TDSCDMA,
CDMA2000, WCDMA and other radio frequency networks.
In the various embodiments, multi-technology communica-
tion devices may also include multiple RF chains so that each
network communication supported by each RF chain can be
accomplished concurrently if interference problems are man-
aged. While the various embodiments are particularly useful
for mobile devices, such as smartphones, the embodiments
are generally useful in any electronic device that implements
radio hardware and UICCs to communicate over a wireless
network.

Descriptions of the various embodiments refer to combin-
ing multiple universal serial bus (USB) UICC memories. The
descriptions referring to multiple USB UICC memories are
examples used for simplicity, and it should be understood that
a combined USB UICC memory may include other UICC
memories and memory devices of different formats, such as a
USB memory stick, a CompactFlash memory card, a Secure
Digital memory card, a SmartMedia memory card, a solid-
state drive, and the like.

Methods and apparatuses of various embodiments
described herein provide the capability to treat two or more
USB UICCs of a multi-slot communication device as a single
memory unit, enabling saving files larger than the available
storage space of a single USB UICC. A memory manager
may be implemented capable of providing a combination of
the memory storage of multiple USB UICCs as a single,
contiguous memory storage device. The memory manager
may manage the assignment of memory addresses across the
memory storage of the multiple USB UICCs for storage and
retrieval of a single or group of files. The memory manager
may communicate with the multiple USB UICCs using USB
protocols. The various embodiments enable a single or group
of'files to be stored to and retrieved from the memory storage
of the multiple USB UICCs, where previously a single or
group of files would have to be stored to and retrieved from
the memory storage of a single USB UICC.

In some embodiments, a multi-slot communication device
may implement a multi-layered system, including a graphical
user interface (GUI) layer, a middle layer, and a memory
layer. At the GUI layer, the multi-slot communication device
may provide the memory storage of multiple USB UICCs as
a single/combined, contiguous memory space. For example,
the multi-slot communication device may include two USB
UICCs, each having 1 GB of memory storage capacity. In
some embodiments a multi-slot communication device may
be a multi-SIM communication device. At the GUI layer, the
multi-slot communication device may provide the memory
storage of multiple USB UICCs as a single memory storage
with 2 GB of memory storage capacity. Commands to store
files to and retrieve files from the single contiguous combined
memory space may be issued from the GUI layer. A user may
select to combine the memory storages via the GUI layer.

The middle layer may include a memory manager config-
ured to manage the storage to and retrieval from the memory
storage capacities of the USB UICCs as the single contiguous
combined memory space. The memory manager may be con-
figured to translate memory addresses of the commands for
accessing the combined memory space from an application
layer to memory addresses for accessing the memory storage
of multiple USB UICCs. For example, the memory manager
may receive a command to store or retrieve a file from the
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combined memory space of two USB UICCs that does not fit
on the available memory storage of only one of the USB
UICCs. The command may include a single memory address
for accessing a file in the combined memory space. The
memory manager may translate the single memory address of
the combined memory space to multiple memory addresses
for accessing the same file in the memory storage of each
USB UICC. In response to a command to store the file, the
memory manager may divide the file into parts and assign
each part an address on a respective one of the memory
storages of each USB UICCs.

In response to a command to retrieve the file, the memory
manager may determine memory addresses for respective
parts of the file stored on different memory storages of the
USB UICC:s to retrieve the parts of the file and to provide the
parts of the retrieved file to the application layer in the correct
order. The memory manager may also issue commands, in
accordance with the command received from the GUI, to the
USB UICC:s to access the respective memory storages at the
address for each memory storage. The memory manager may
communicate these commands using USB protocols compat-
ible with the USB UICCs.

At the memory layer, the USB UICCs may receive the
commands including the address for accessing their respec-
tive memory storages via the USB protocol. The USB UICCs
may implement the command to either read to or write from
their respective memory storages at the specified address, and
return any data and/or signals to the memory manager via the
USB protocol.

In some embodiments, the multi-slot communication
device may include capabilities for handling circumstances
where at least one of the USB UICCs containing part of a file
is removed from the multi-slot communication device. When
a USB UICC is replaced, the memory manager may use
identifiers for each USB UICC to properly translate the
addresses and identify the content stored on each USB UICC.
In some embodiments, a removed USB UICC inserted into
another mobile device may be made accessible to the multi-
slot communication device via a wireless connection.

The various embodiments may be implemented in multi-
slot wireless communication devices that operate within a
variety of communication systems 100, such as at least two
mobile telephony networks, an example of which is illus-
trated in FIG. 1. A first mobile network 102 and a second
mobile network 104 are typical mobile networks that include
aplurality of cellular base stations 130 and 140. A first multi-
slot communication device 110 may be in communication
with the first mobile network 102 through a cellular connec-
tion 132 to a first base station 130. As described, in some
embodiments the multi-slot communication device 110 may
be a multi-SIM communication device. The first multi-slot
communication device 110 may also be in communication
with the second mobile network 104 through a cellular con-
nection 142 to a second base station 140. The first base station
130 may be in communication with the first mobile network
102 over a connection 134. The second base station 140 may
be in communication with the second mobile network 104
over a connection 144.

A second multi-slot communication device 120 may simi-
larly communicate with the first mobile network 102 through
a cellular connection 132 to a first base station 130. The
second multi-slot communication device 120 may communi-
cate with the second mobile network 104 through a cellular
connection 142 to the second base station 140. The cellular
connections 132 and 142 may be made through two-way
wireless communication links, such as 4G, 3G, CDMA,
TDSCDMA, WCDMA, GSM, and other mobile telephony
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communication technologies. Other connections may include
various other wireless connections, including WL ANs, such
as Wi-Fi based on IEEE 802.11 standards, and wireless loca-
tion services, such as GPS.

FIG. 2 illustrates various embodiments of a multi-slot com-
munication device 200 that is illustrated as a dual-technology
communication device (e.g., 110, 120 in FIG. 1) that is suit-
able for implementing the various embodiments. With refer-
ence to FIGS. 1 and 2, the multi-slot communication device
200 may include a first SIM interface 202q, which may
receive a first identity module SIM-1 204q that is associated
with the first subscription. The multi-slot communication
device 200 may also be a multi-SIM communication device
by including a second (or more) SIM interface 2025, which
may receive a second identity module SIM-2 2045 that is
associated with a second subscription.

A SIM in the various embodiments may be a Universal
Integrated Circuit Card (UICC) that is configured with SIM
and/or USIM applications, enabling access to, for example,
GSM and/or UMTS networks. The UICC may also provide
storage for a phone book and other applications. Alterna-
tively, in a CDMA network, a SIM may be a UICC removable
user identity module (R-UIM) ora CDMA subscriber identity
module (CSIM) on a card.

Each SIM may have a CPU, ROM, RAM, EEPROM and
1/O circuits. A SIM used in the various embodiments may
contain user account information, an international mobile
subscriber identity (IMSI), a set of SIM method application
toolkit (SAT) commands and storage space for phone book
contacts. A SIM may further store a Home Public-Land-
Mobile-Network (HPLMN) code to indicate the SIM card
network operator provider. An Integrated Circuit Card Iden-
tity (ICCID) SIM serial number may be printed on the SIM
for identification.

Each multi-slot communication device 200 may include at
least one controller, such as a general purpose processor 206,
which may be coupled to a coder/decoder (CODEC) 208. The
CODEC 208 may in turn be coupled to a speaker 210 and a
microphone 212. The general purpose processor 206 may
also be coupled to at least one memory 214. The memory 214
may be a non-transitory tangible computer readable storage
medium that stores processor-executable instructions. For
example, the instructions may include routing communica-
tion data relating to the first or second subscription though a
corresponding baseband-RF resource chain.

The memory 214 may store operating system (OS) soft-
ware, as well as user application software and executable
instructions. The memory 214 may also store application
data, such as an array data structure.

The general purpose processor 206 and memory 214 may
each be coupled to at least one baseband modem processor
216. Each SIM in the multi-slot communication device 200
(e.g., SIM-1202a and SIM-2 2025) may be associated with a
baseband-RF resource chain. Each baseband-RF resource
chain may include the baseband modem processor 216 to
perform baseband/modem functions for communications on
a SIM, and one or more amplifiers and radios, referred to
generally herein as RF resources 2184, 128b. In some
embodiments, baseband-RF resource chains may interact
with a shared baseband modem processor 216 (i.e., a single
device that performs baseband/modem functions for all SIMs
on the wireless device). Alternatively, each baseband-RF
resource chain may include physically or logically separate
baseband processors (e.g., BB1, BB2).

In some embodiments, the baseband modem processor216
may be an integrated chip capable of managing the protocol
stacks of each of the SIMs or subscriptions (e.g., PS1, PS1)
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and implementing a co-existence manager software (not
shown) (e.g., CXM). By implementing modem software, sub-
scription protocol stacks, and the co-existence manager soft-
ware on this integrated baseband modem processor 216,
thread based instructions may be used on the integrated base-
band modem processor 216 to communicate instructions
between the software implementing the interference predic-
tion, the mitigation techniques for co-existence issues, and
the Rx and Tx operations.

The RF resources 218a, 2185 may be communication cir-
cuits or transceivers that perform transmit/receive functions
for the associated SIM of the wireless device. The RF
resources 218a, 2186 may be communication circuits that
include separate transmit and receive circuitry, or may
include a transceiver that combines transmitter and receiver
functions. The RF resources 218a, 2185 may be coupledto a
wireless antenna (e.g., a first wireless antenna 220a and a
second wireless antenna 2205). The RF resources 218a, 2185
may also be coupled to the baseband modem processor 216.

In some embodiments, the general purpose processor 206,
memory 214, baseband processor(s) 216, and RF resources
218a, 218b may be included in the multi-slot communication
device 200 as a system-on-chip. In other embodiments, the
first and second SIMs 202a, 2026 and their corresponding
interfaces 204a, 2045 may be external to the system-on-chip.
Further, various input and output devices may be coupled to
components on the system-on-chip, such as interfaces or con-
trollers. Example user input components suitable for use in
the multi-slot communication device 200 may include, but
are not limited to, a keypad 224 and a touchscreen display
226.

In some embodiments, the keypad 224, touchscreen dis-
play 226, microphone 212, or a combination thereof, may
perform the function of receiving the request to initiate an
outgoing call. For example, the touchscreen display 226 may
receive a selection of a contact from a contact list or receive a
telephone number. In another example, either or both of the
touchscreen display 226 and microphone 212 may perform
the function of receiving a request to initiate an outgoing call.
For example, the touchscreen display 226 may receive selec-
tion of a contact from a contact list or to receive a telephone
number. As another example, the request to initiate the out-
going call may be in the form of a voice command received
via the microphone 212. Interfaces may be provided between
the various software modules and functions in multi-slot
communication device 200 to enable communication
between them, as is known in the art.

In some embodiments, the multi-slot communication
device 200 may instead be a single-technology or multiple-
technology device having more or less than two RF chains.
Further, various embodiments may implement, single RF
chain or multiple RF chain wireless communication devices
with fewer SIM cards than the number of RF chains, includ-
ing without using any SIM card.

FIG. 3 illustrates embodiment interactions between com-
ponents of different transmit/receive chains in a multi-slot
wireless communications device within a wireless communi-
cation environment 300 including two base stations 130, 140.
With reference to FIGS. 1-3, for example, a first radio tech-
nology RF chain 302 may be one RF resource 218q, and a
second radio technology RF chain 304 may be part of another
RF resource 2185. In some embodiments, the first and second
radio technology RF chains 302, 304 may include compo-
nents operable for transmitting data. When transmitting data,
a data processor 306, 320 that may format, encode, and inter-
leave data to be transmitted. A modulator/demodulator 308,
318 may modulate a carrier signal with encoded data, for
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example, by performing Gaussian minimum shift keying
(GMSK). One or more transceiver circuits 310, 316 may
condition the modulated signal (e.g., by filtering, amplitying,
and up-converting) to generate a RF modulated signal for
transmission. The RF modulated signal may be transmitted,
for example, to the base station 130, 140 via an antenna, such
as the antenna 220a, 22054.

The components of the first and second radio technology
RF chains 302, 304 may also be operable to receive data.
When receiving data, the antenna 220a, 2205 may receive RF
modulated signals from the base station 130, 140 for example.
The one or more transceiver circuits 310, 316 may condition
(e.g., filter, amplify, and down-convert) the received RF
modulated signal, digitize the conditioned signal, and provide
samples to the modulator/demodulator 308, 318. The modu-
lator/demodulator 308, 318 may extract the original informa-
tion-bearing signal from the modulated carrier wave, and may
provide the demodulated signal to the data processor 306,
320. The data processor 306, 320 may de-interleave and
decode the signal to obtain the original, decoded data, and
may provide decoded data to other components in the wire-
less device.

Operations of the first and second radio technology RF
chains 302, 304 may be controlled by a processor, such as the
baseband processor(s) 216. In the various embodiments, each
of the first and second radio technology RF chains 302, 304
may be implemented as circuitry that may be separated into
respective receive and transmit circuits (not shown). Alterna-
tively, the first and second radio technology RF chains 302,
304 may combine receive and transmit circuitry (e.g., as
transceivers associated with SIM-1 and SIM-2 in FIG. 2).

FIG. 4 illustrates a system 400 for combining USB UICC
memories 418a-c on amulti-slot communication device (e.g.,
110, 120, 200 in FIGS. 1 and 2) in accordance with various
embodiments. With reference to FIGS. 1-4, the system 400
for combining the USB UICC memories 418a-c may include
a graphical user interface (GUI) layer 402, an application
layer 420, a middle layer 408, and a memory layer 416. In
various embodiments, the GUI layer 402 may be configured
to provide a user of the multi-slot communication device
capabilities to see displays of data and to interact with data
and system in multiple forms on the multi-slot communica-
tion device.

The GUI layer 402 may include a combined USB UICC
memory display component 404, which may be part of or
separate from a general display component (e.g., 1402, 1404,
1511 in FIGS. 14 and 15) for providing a GUI on a display
(e.g.,226,1412,1519 in FIGS. 2, 14, and 15) of the multi-slot
communication device. The combined USB UICC memory
display component 404 may be configured to provide at least
two of the USB UICC memories 418a-c¢ as a combined,
contiguous, single USB UICC memory (e.g., 600, 602, 604,
700,702, 704, 800, 802, 804, 900, 902, 904 in FIGS. 6A-9C)
via the GUI. Example displays of the combined USB UICC
memory may include an icon, a memory directory path, a
graphical or text based representation of the memory space
(including free and used memory space) of the combined
USB UICC memory. In various embodiments, the displays
may indicate that the combined USB UICC is a combination
of at least two of the USB UICC memories 418a-c, including
an indication of the USB UICC memories 418a-c that are
included in the combined USB UICC memory. In various
embodiments, the displays may indicate the combined USB
UICC memory without an indication that is a combination of
at least two of the USB UICC memories 418a-c.

In various embodiments, the combined USB UICC
memory may be a virtual representation of its underlying
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USB UICC memories 418a-c¢ and/or the GUI layer 402 may
be implemented by a hypervisor or virtual machine Memory
access requests to the virtual representation of the combined
USB UICC memory and/or originating from programs run by
the virtual machine may be made to a virtual address of the of
the combined USB UICC memory.

The GUI layer 402 may be in communication with the
application layer 420. In various embodiments, the applica-
tion layer 420 may include an application processor 422 (e.g.,
206,1402, 1511 in FIGS. 2, 14, and 15) and a combined USB
UICC memory virtual interface component 406a. The appli-
cation processor 422 may be configured to execute applica-
tions, issue memory access requests, and receive, and process
inputs from other components of the multi-slot communica-
tion device. For example, the application processor 422 may
receive inputs from the GUI layer 420 representing the user’s
interactions with the GUI, such as an interaction with a GUI
element indicating a request to combine USB UICC memo-
ries. The combined USB UICC memory virtual interface
component 4064 may provide the memory access requests for
the virtual addresses of the combined USB UICC memory to
the middle layer 408 and receive responses to the memory
access requests.

The memory layer 416 may be configured to provide
access to the USB UICC memories 418a-c. Memory device
interface slots (e.g., 202a and 20254 in FIGS. 2 and 3) may
physically and/or electrically connect the USB UICC memo-
ries 418a-c to the multi-slot communication device. The three
USB UICC memories 418a-c of the system 400 are in no way
limiting in number. There may be as many USB UICC memo-
ries 418a-c connected to the multi-slot communication
device as there are memory device interface slots. In various
embodiments, at least two memory device interface slots are
provided in the multi-slot communication device. In various
embodiments, at least one of the memory device interface
slots may be configured to allow a USB UICC memory
418a-c to be exchangeable/removable, while the other
memory device interface slot(s) may be similarly configured
or configured with a fixed USB UICC memory 418a-c. In
various embodiments, a memory device interface slot may be
singularly configured to interface with one type of memory
device. In various embodiments, a memory device interface
slot may be multiply configured to interface with multiple
types of memory devices. The memory layer 416 may facili-
tate the components of the multi-slot communication device,
including the system 400 for combining USB UICC memo-
ries 418a-c to interact with the USB UICC memories 418a-c.
The memory layer 416 may include a combined USB UICC
memory physical interface component 4144, which may pro-
vide read and write access to the USB UICC memories
418a-c for executing the memory access requests for physical
addresses of the USB UICC memories 418a-c.

The middle layer 408 may be configured to coordinate
memory access requests for the virtual addresses of the com-
bined USB UICC memory from the application layer 420
with the physical USB UICC memories 418a-c at the
memory layer 416. In various embodiments, the middle layer
408 may include a combined USB UICC memory manager
component 410 for managing routing the memory access
requests and translating between the virtual addresses of the
combined USB UICC and the physical addresses of the cor-
responding USB UICC memories 418a-c. The combined
USB UICC memory manager 410 may include a combined
USB UICC memory virtual interface component 4065, like
the application layer 420. The combined USB UICC memory
virtual interface 4065 may facilitate receiving the memory
access requests for the virtual addresses of the combined USB
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UICC memory from the application layer 420, and providing
responses associated with the memory access requests for the
virtual addresses of the combined USB UICC memory to the
application layer 402. The combined USB UICC memory
manager 410 may include a combined USB UICC memory
physical interface component 4145, like the memory layer
416. The combined USB UICC memory physical interface
4145 may facilitate implementing read and write access to the
USB UICC memories 418a-c for executing the memory
access requests for physical addresses of the USB UICC
memories 418a-c by providing provide the memory access
requests for physical addresses to the memory layer 416. The
combined USB UICC memory physical interface 4145 may
also receive any return data of the memory access requests for
physical addresses of the USB UICC memories 418a-c.

The combined USB UICC memory manager 410 may also
include a combined USB UICC memory address translator
component 412, which may translate between the virtual
addresses of the combined USB UICC and the physical
addresses of the corresponding USB UICC memories 418a-c.
The combined USB UICC memory address translator 412
may store and/or have access to a data structure or algorithm
configured to relate the virtual addresses of the combined
USB UICC and the physical addresses of the corresponding
USB UICC memories 418a-c. In various embodiments, the
combined USB UICC memory address translator 412 may
access a memory map or table that relates the virtual
addresses and the physical addresses. Various embodiments
enable a pair of a combined USB UICC memory and USB
UICC memories 418a-c to be related in the memory map or
table along with or in a separate memory map or table from
other pairs of combined USB UICC memories and USB
UICC memories 418a-c. The combined USB UICC memory
address translator component 412 may receive a signal asso-
ciated with a virtual memory address or a physical memory
address, such as a memory access request from the applica-
tion layer 420 or a response to memory access request from
the memory layer 416, and provide the corollary physical
address or virtual address, respectively. The combined USB
UICC memory manager 410 may route and manage the flow
of the memory layer 416 and responses to the application
layer 420.

In various embodiments, the combined USB UICC
memory manager 410 may be configured to interact with the
USB UICC memories 418a-¢ via USB communications pro-
tocols. In various embodiments, the combined USB UICC
memory manager 410 may use a combined USB UICC
memory instruction application program interface (API) 420
to convert instructions of a memory access request to the
combined USB UICC memory received in another commu-
nication protocol into USB communication protocols. The
combined USB UICC memory manager 410 may use a com-
bined USB UICC memory instruction API 420 to convert the
memory access request responses by the USB UICC memo-
ries 418a-c from USB communication protocols to the other
communication protocol of the memory access request. For
example, in response to receiving a single memory access
request to the combined USB UICC memory in a first com-
munication protocol (other than a USB communication pro-
tocol), the combined USB UICC memory manager 410 may
convert the memory access request to multiple memory
access requests of the same type in a USB communication
protocol for the underlying the USB UICC memories 418a-c¢
of the combined USB UICC memory. Similarly, the USB
UICC memory manager 410 may combine multiple
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responses in a USB communication protocol to the memory
access request into a single response of the first communica-
tion protocol.

Invarious embodiments, the USB UICC memory manager
410 may be configured to protect data stored at the physical
addresses of the USB UICC memories that correspond to a
combined USB UICC memory. In response to executing a
write memory request to the physical addresses of the USB
UICC memories that correspond to a combined USB UICC
memory, the USB UICC memory manager 410 may signal
the USB UICC memories to lock those physical addresses so
that the data may not be rearranged in or deleted from the
USB UICC memory. This lock on the physical addresses may
protect the stored data while the USB UICC memories are
used in their capacities as individual memories or as part of
other combined USB UICC memories. The physical
addresses may be unlocked by the memory manager while the
USB UICC memories are combined as the combined USB
UICC memory associated with the physical memory
addresses.

Each ofthe layers 402, 408, 416, and the components 404,
406a, 4065, 410, 412, 414a, 414b may be separate or com-
bined in any combination, and may be implemented in soft-
ware, general processing hardware, dedicated hardware, or a
combination of any of the preceding.

FIG. 5 illustrates a USB UICC memory correlation table
500 configured to correlate a combined USB UICC memory
(e.g., 600, 602, 604, 700, 702, 704, 800, 802, 804, 900, 902,
904 in FIGS. 6A-9C) and provide at least two USB UICC
memories (e.g., 418a-c in FIG. 4) in accordance with various
embodiments. With reference to FIGS. 1-5, the USB UICC
memory correlation table 500 may be stored on a memory
(e.g., 214, 1406, 1512, 1513, 1602, 1604 in FIGS. 2, 14, 15,
and 16) of the multi-slot communication device (e.g., 110,
120, 200 in FIGS. 1 and 2). The USB UICC memory corre-
lation table 500 may include a number of columns for storing
data relevant to the combined USB UICC memories and their
underlying USB UICC memories. In various embodiments,
the columns may include a combined USB UICC memory
identifier (ID) column 502 that may contain ID values that
uniquely identifies each combined USB UICC memory for a
multi-slot communication device (e.g., 110, 120, 200 in
FIGS. 1 and 2). The columns may also include at least two
USB UICC ID (*“x”) columns 504, 506, 508 that may contain
ID values that uniquely identify each USB UICC used for a
combined USB UICC memory. In various embodiments, the
unique USB UICC ID may be at least a portion of an inter-
national mobile subscriber identity (IMSI), or the like, used to
connect to and identify the USB UICC on a cellular network.
The columns may also include at least two USB UICC
memory range (“pr”’) columns 510, 512, 514 that may contain
indicators of ranges of physical of the USB UICC memories
used for a combined USB UICC memory. The columns may
further include at least two combined USB UICC memory
range (“vr”) columns 524, 526, 528 that may contain indica-
tors of ranges of virtual addresses of the USB UICC memo-
ries used for a combined USB UICC memory. In various
embodiments, the indicator of a range of virtual addresses for
a combined USB UICC memory may be unique to each
combined USB UICC memory. The number of USB UICC ID
columns 504, 506, 508 and USB UICC memory range col-
umns 510, 512, 514 may vary depending on the number
different of USB UICCs used to form different combined
USB UICC memories. For example, a combined USB UICC
memory using more than two USB UICC memories or a
second combined USB UICC memory using at least one
different USB UICC memory than a first combined USB
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UICC memory may introduce at least a third USB UICC
memory to the USB UICC memory correlation table 500. To
accommodate the third USB UICC memory, additional USB
UICC ID columns 504, 506, 508 and USB UICC memory
range columns 510, 512, 514 may be added to the USB UICC
memory correlation table 500. Similarly, in response to dele-
tion of the second combined USB UICC memory, one or
more USB UICC ID columns 504, 506, 508 and USB UICC
memory range columns 510, 512, 514 may be removed from
the USB UICC memory correlation table 500.

The USB UICC memory correlation table 500 may include
at least one row or entry 516, 518, 520, 522 containing data,
for each of the appropriate columns 502, 504, 506, 508, 510,
512, 514, 524, 526, 528, representing a respective combined
USB UICC memory. For example, row 516 may represent the
first combined USB UICC memory, and contain data for the
combined USB UICC memory identifier ID column 502, at
least two of the USB UICC ID columns 504, 506, 508 (in this
example in the USB UICC ID columns 504, 506), at least two
of the USB UICC memory range columns 510, 512, 514 (in
this example in the USB UICC memory range columns 510,
512), and in the combined USB UICC memory range col-
umns 524, 526, 528 (in this example in the combined USB
UICC memory range columns 524, 526). In various
examples, the USB UICC ID column 508, the USB UICC
memory range column 514, and the combined USB UICC
memory range column 528 may exist in the USB UICC
memory correlation table 500, and in the row 516 represent-
ing the first combined USB UICC memory, even when the
first combined USB UICC memory does not use the USB
UICC associated with these columns 508, 514, 528. In such
examples, these columns 508,514, 528 in row 516 may be left
blank, contain a null value, or contain another value indicat-
ing not to use these columns 508, 514, 528 for the first com-
bined USB UICC memory.

In various embodiments, different rows 516, 518, 520, 522
may contain data in the same columns 502, 504, 506, 508,
510,512,514, 524, 526, 528 with different values to represent
different combined USB UICC memories using different
parts of the same USB UICC memories. The number of rows
516, 518, 520, 522 may vary depending on the number of
different combined USB UICC memories used by the multi-
slot communication device. The rows 516, 518, 520, 522 may
be added or removed from the USB UICC memory correla-
tion table 500 in response to the creation of a new or deletion
of'an existing combined USB UICC memory. The data in the
rows 516,518, 520,522 and columns 502,504, 506,508, 510,
512, 514, 524, 526, 528 may be updated in response to
changes to the combined USB UICC memories.

In various embodiments, the multi-slot communication
device may store various USB UICC memory correlation
tables 500. In various embodiments, the multi-slot commu-
nication device may use other known data structures instead
of'the USB UICC memory correlation table 500 to store and
retrieved data related to the combined USB UICC memories.

FIGS. 6A-C and 7A-C illustrate combined USB UICC
memories 600, 602, 604, 700, 702, 704 on a multi-slot com-
munication device (e.g., 110, 120, 200 in FIGS. 1 and 2) in
accordance with various embodiments. With reference to
FIGS. 1-7C, the combined USB UICC memories 600, 602,
604, 700, 702, 704 include at least a portion of a memory
space of a first USB UICC having a first USB UICC memory
608, 708 and at least a portion of a memory space of a second
USB UICC having a second USB UICC memory 610, 710.
The portions of the memory spaces of the first and second
USB UICCs may include all or a portion of the memory
spaces, or all or a portion of an available memory space not
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dedicated for another use in the memory spaces. The com-
bined USB UICC memories 600, 602, 604, 700, 702, 704 may
provide for storage of data 612, 712. In various embodiments,
the data 612, 712 may represent a single file or a group of files
related to a read or write memory access request. For
example, the memory access request may be to store or
retrieve a single file or a group of files to or from a combined
USB UICC memory 600, 602, 604, 700, 702, 704 as one
transaction. In various embodiments, the data 612 may be less
than or equal to the size of the first or second USB UICC
memories 608, 610. In various embodiments, the data 712
may be greater than the size of the first or second USB UICC
memories 708, 710 as illustrated in FIGS. 7A-7C.

The example in FIG. 6A illustrates the combined USB
UICC memory 600 storing the data 612 completely within the
first USB UICC memory 608. The combined USB UICC
memory manager (e.g., 410 in FIG. 4) may receive a memory
access request to store the data 612 to the combined USB
UICC memory 600. The combined USB UICC memory man-
ager may determine where there is memory space within the
combined USB UICC memory 600 among the first and sec-
ond USB UICC memories 608, 610 to store the data 612. In
the example illustrated in FIG. 6A, the combined USB UICC
memory manager may determine that the data 612 fits within
a memory space on the first USB UICC memory 608. The
combined USB UICC memory manager may associate in a
memory map/table the virtual address of the memory access
request to write the data 612 with the physical address of the
first USB UICC memory 608 where the data 612 is stored.
The combined USB UICC memory manager may respond to
a memory access request to read the data 612 by translating
the virtual address of the read memory access request to the
physical address of the first USB UICC memory 608 using the
memory map/table, and accessing and returning the data 612
from the physical address. The memory space 614 in the
combined USB UICC memory 600 may represent the
remaining memory space, available and/or full, of the com-
bined USB UICC memory 600 while the data 612 is stored.

In the example illustrated in FIG. 6B, the combined USB
UICC memory 602 stores the data 612 completely within the
second USB UICC memory 610. This example is similar to
the example in relation to the combined USB UICC memory
600, except that the memory space that fits the data 612 is
located in the second USB UICC memory 610. Thus, the
described combined USB UICC memory manager functions
and interactions occur in relation to the second USB UICC
memory 610.

The example in FIG. 6C illustrates the combined USB
UICC memory 604 storing the data 612 partially in the first
USB UICC memory 608 and partially in the second USB
UICC memory 610. In this example, the combined USB
UICC memory manager may determine that the data 612 fits
within a memory space split between the first USB UICC
memory 608 and the second USB UICC memory 610 in
response to a write memory access request for the data 612.
The combined USB UICC memory manager may associate in
amemory map/table the virtual address of the memory access
request to write the data 612 with the physical addresses of the
first USB UICC memory 608 and the second USB UICC
memory 610 where the data 612 is stored. The combined USB
UICC memory manager may respond to a memory access
request to read the data 612 by translating the virtual address
of the read memory access request to the physical addresses
of' the first and second USB UICC memories 608, 610 using
the memory map/table, and accessing and returning the data
612 from the physical addresses. The memory spaces 614 in
the combined USB UICC memory 604 may represent the



US 9,385,772 B1

15
remaining memory spaces, available and/or full, of the com-
bined USB UICC memory 604 while the data 612 is stored.

The example in FIG. 7A illustrates the combined USB
UICC memory 700 storing the data 712 partially in the first
USB UICC memory 708 and partially in the second USB
UICC memory 710. The data 712 uses the entire first USB
UICC memory 708 and part of the second USB UICC
memory 710. A combined USB UICC memory manager
(e.g., 410 in FIG. 4) may receive a memory access request to
store the data 712 to the combined USB UICC memory 700.
The combined USB UICC memory manager may determine
where there is memory space within the combined USB
UICC memory 700 among the first and second USB UICC
memories 708, 710 to store the data 712. In this example, the
combined USB UICC memory manager may determine that
the data 712 fits within all the memory space on the first USB
UICC memory 708 and part of the second USB UICC
memory 710. The combined USB UICC memory manager
may associate in a memory map/table the virtual address of
the memory access request to write the data 712 with the
physical addresses of the first USB UICC memory 708 and
the second USB UICC memory 710 where the data 712 is
stored. The combined USB UICC memory manager may
respond to a memory access request to read the data 712 by
translating the virtual address of the read memory access
request to the physical addresses of the first and second USB
UICC memories 708, 710 using the memory map/table, and
accessing and returning the data 712 from the physical
addresses. The memory space 714 in the combined USB
UICC memory 700 may represent the remaining memory
space, available and/or full, of the combined USB UICC
memory 700 while the data 712 is stored.

The example in FIG. 7B illustrates the combined USB
UICC memory 702 storing the data 712 partially in the first
USB UICC memory 708 and partially in the second USB
UICC memory 710. The data 712 uses part of the first USB
UICC memory 708 and the entire second USB UICC memory
710. This example is similar to the example in relation to the
combined USB UICC memory 700, except that the memory
space that fits the data 712 is located in the first and second
USB UICC memories 708, 710 in an opposite arrangement.
Thus, the combined USB UICC memory manager functions
and interactions described with reference to the combined
USB UICC memory 700 example occur in relation to the
second USB UICC memory 710 as they are described for the
first USB UICC memory 708, and in relation to the first USB
UICC memory 708 as they are described for the second USB
UICC memory 710.

The example in FIG. 7C illustrates the combined USB
UICC memory 704 storing the data 712 partially in the first
USB UICC memory 708 and partially in the second USB
UICC memory 710. In this example, the combined USB
UICC memory manager may determine that the data 712 fits
within a memory space split between the first USB UICC
memory 708 and the second USB UICC memory 710 in
response to a write memory access request for the data 712.
The combined USB UICC memory manager may associate in
amemory map/table the virtual address of the memory access
request to write the data 712 with the physical addresses of the
first USB UICC memory 708 and the second USB UICC
memory 710 where the data 712 is stored. The combined USB
UICC memory manager may respond to a memory access
request to read the data 712 by translating the virtual address
of the read memory access request to the physical addresses
of the first and second USB UICC memories 708, 710 using
the memory map/table, and accessing and returning the data
712 from the physical addresses. The memory spaces 714 in
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the combined USB UICC memory 704 may represent the
remaining memory spaces, available and/or full, of the com-
bined USB UICC memory 704 while the data 712 is stored.

FIGS. 8A-C and 9A-C illustrate combined USB UICC
memories 800, 802, 804, 900, 902, 904 on a first multi-slot
communication device (e.g., 110, 120, 200 in FIGS. 1 and 2)
in accordance with various embodiments. With reference to
FIGS. 1-9C, the combined USB UICC memories 800, 802,
804, 900, 902, 904 include at least a portion of a memory
space of a first USB UICC having a first USB UICC memory
808, 908 on the first multi-slot communication device. The
combined USB UICC memories 800, 802, 804, 900, 902, 904
also include at least a portion of a memory space of a second/
remote USB UICC having a second/remote USB UICC
memory 810, 910 on a second multi-slot communication
device (e.g., 110, 120, 200 in FIGS. 1 and 2). The portions of
the memory spaces of the first and second USB UICCs may
include all or a portion of the memory spaces, or all or a
portion of an available memory space not dedicated for
another use in the memory spaces. The combined USB UICC
memories 800, 802, 804, 900, 902, 904 may provide for
storage of data 812, 912. In various embodiments, the data
812, 912 may represent a single file or a group of files related
to aread or write memory access request on the first multi-slot
communication device. For example, the memory access
request may be to store or retrieve a single file or a group of
files to or from a combined USB UICC memory 800, 802,
804, 900, 902, 904 as one transaction. In various embodi-
ments, the data 812 may be less than or equal to the size of the
first or second USB UICC memories 808, 810. In various
embodiments, the data 912 may be greater than the size of the
first or second USB UICC memories 908, 910.

The examples illustrated in FIGS. 8A-C are similar to the
examples illustrated in FIGS. 6 A-C, and the examples illus-
trated in FIGS. 9A-C are similar to the examples illustrated in
FIGS. 7A-C, except that the combined USB UICC memories
800, 802, 804, 900, 902, 904 are divided among multiple
multi-slot communication devices. To implement memory
access requests that access both USB UICC memories 808,
810, 908, 910, a combined USB UICC memory manager
(e.g., 410 in FIG. 4) of the first multi-slot communication
device may communicate with a remote combined USB
UICC memory manager of the second multi-slot communi-
cation device via a wireless connection 816. In various
embodiments, the wireless connection 816 may be made
through two-way wireless communication links, such as 4G,
3G, CDMA, TDSCDMA, WCDMA, GSM, and other mobile
telephony communication technologies. The wireless con-
nection 816 may include various other wireless connections,
including WLANs and PANs, such as Wi-Fi based on IEEE
802.11 standards, Bluetooth, and near field communication.

In various embodiments, at least one of the combined USB
UICC memory managers may use a memory map/table to
translate the combined USB UICC memory virtual memory
address of the memory access requests to the USB UICC
memory physical address(es). The combined USB UICC
memory manager implementing the address translation and
the memory map/table may reside on the same multi-slot
communication device. In various embodiments, the com-
bined USB UICC memory manager implementing the
address translation may provide instructions and addresses
such that the combined USB UICC memory manager may
communicate with a remote memory manager of another type
to interact with the remote USB UICC memories 808, 810,
908, 910 in order to implement the combined USB UICC
memory.
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In various embodiments, the second USB UICC having the
second USB UICC memory 810, 910 may be connected to a
computing device, which may include any computing device
(e.g. 1500, 1600 in FIGS. 15 and 16) with an integrated or
peripheral memory device interface slot (e.g., 202a and 2026
in FIGS. 2 and 3) and integrated or peripheral capabilities to
communicate via the wireless connection 816. It may not be
necessary that the second USB UICC be connected to a multi-
slot communication device.

The examples illustrated in FIGS. 6 A-9C depict combined
USB UICC memories 600, 602, 604,700,702, 704, 800, 802,
804, 900, 902, 904 including two USB UICC memories 608,
610, 708, 710, 808, 810, 908, 910. These examples only
represent the minimum number of USB UICC memories for
making up a combined USB UICC memory. Similar
examples may include combined USB UICC memories with
more than two USB UICC memories in which data may be
read to and from across two or more USB UICC memories.
Other examples combine USB UICC memories 608, 610,
708,710, 808, 810, 908, 910 with UICC memories that com-
municate using communication protocols other than USB
communication protocols.

FIG. 10 illustrates a method 1000 for providing a combined
USB UICC memory (e.g., 600, 602, 604,700, 702, 704, 800,
802, 804, 900, 902, 904 in FIGS. 6A-9C) on a multi-slot
communication device (e.g., 110, 120, 200 in FIGS. 1 and 2)
in accordance with various embodiments. The method 1000
may be executed in a computing device, such as a multi-slot
communication device (e.g., 110, 120, 200 in FIGS. 1 and 2)
using software, general purpose or dedicated hardware, or a
combination of software and hardware, such as a general
purpose processor (e.g., 206 FIG. 2), a baseband processor
(e.g., 216 in FIG. 2), a combined USB UICC memory man-
ager (e.g., 410 in FIG. 4) or the like.

With reference to FIGS. 1-10, in block 1002, the multi-slot
communication device may initiate at least one electrically
connected USB UICC. The connected USB UICC(s) may be
connected to a memory device interface slot(s) (e.g., 202a and
2025 in FIGS. 2 and 3).

In block 1004, the multi-slot communication device may
identify a previously combined USB UICC memory. The
previously combined USB UICC memory may be identified
by retrieving data from an entry (e.g., 516, 518, 520, 522 in
FIG. 5)ina USB UICC memory correlation table (e.g., 500 in
FIG. 5).

In block 1006, the multi-slot communication device may
provide the identified previously combined USB UICC
memory as a combined, contiguous, single USB UICC
memory, such as displaying a combined memory USB UICC
on adisplay (e.g., 226,1412, 1519 in FIGS. 2, 14, and 15) of
the multi-slot communication device. Example displays of
the combined USB UICC memory may include an icon, a
memory directory path, a graphical or text based representa-
tion of the memory space (including free and used memory
space) of the combined USB UICC memory. In various
embodiments, the displays may indicate that the combined
USB UICC is a combination of at least two of the USB UICC
memories (e.g., 418a-c, 608, 610, 708, 710, 808, 810, 908,
910 in FIGS. 4 and 6A-9C) including an indication of which
of the USB UICC memories are included in the combined
USB UICC memory. In various embodiments, the displays
may indicate the combined USB UICC memory without an
indication that is a combination of at least two of the USB
UICC memories.

In determination block 1008, the multi-slot communica-
tion device may determine whether connected USB UICC
memories make up a previously combined USB UICC

10

15

20

25

30

35

40

45

50

55

60

65

18

memory. The multi-slot communication device may compare
aunique USB UICC ID of each connected USB UICC having
one of the connected USB UICC memories to the same data
stored in the USB UICC memory correlation table for each
entry. Matching unique USB UICC IDs for at least two con-
nected USB UICC:s to all of the same data in at least a same
entry in the USB UICC memory correlation table may indi-
cate that the connected USB UICC memories make up a
previously combined USB UICC memory. As discussed (e.g.,
with reference to F1G. 5), the unique USB UICC ID may be at
least a portion of an international mobile subscriber identity
(IMSI), or the like, used to connect the USB UICC and to
identify the USB UICC on a cellular network.

In response to determining that the connected USB UICC
memories do not make up a previously combined USB UICC
memory (i.e., determination block 1008=“No”), the multi-
slot communication device may provide an option to combine
the connected USB UICC memories to create a combined
USB UICC memory in block 1010. Much like the display of
the combined USB UICC memories in block 1006, the option
to combine the connected USB UICC memories may be
provided via the display of the multi-slot communication
device in a graphical and/or text form. The option may be
provided automatically as, for example, a pop-up or dialogue
box with interactive response elements to accept or decline
the option to combined. Other interactive response elements
may be provided to provide options for combining the con-
nected USB UICC memories. In various embodiments, the
option may be provided within an options or settings inter-
face/menu in which the user may manually choose to view the
option and respond to interactive elements for indicating a
request to combine the USB UICC memories. A user may
interact with the multi-slot communication device to provide
an input responding to the provided option to combine the
USB UICC memories, and in block 1012, the multi-slot com-
munication device may receive the input indicating selection
of'the option to combine the connected USB UICC memories.
In various embodiments, the input may indicate a selection of
specific USB UICC memories for combination. In various
embodiments, the input may indicate a combination of USB
UICC memories selected for combination by the multi-slot
communication device.

In block 1014, the multi-slot communication device may
combine the selected USB UICC memories (e.g., as
described further with reference to FIG. 12). In block 1016,
the multi-slot communication device may provide the com-
bined USB UICC memory, made up of the selected USB
UICC memories, in a similar manner as in block 1006. The
multi-slot communication device may receive a memory
access request for a combined USB UICC memory (e.g., as
described with reference to block 1102 in FIG. 11). Similarly,
in response to determining that the connected USB UICC
memories do make up a previously combined USB UICC
memory (i.e., determination block 1008=Yes”), the multi-
slot communication device may receive a memory access
request for acombined USB UICC memory as described with
reference to block 1102 in FIG. 11.

FIG. 11 illustrates a method 1100 for handling a memory
access request to a combined USB UICC memory (e.g., 600,
602, 604,700,702,704,800,802,804,900,902,904 in FIGS.
6A-9C) on a multi-slot communication device (e.g., 110, 120,
200 in FIGS. 1 and 2) in accordance with various embodi-
ments. The method 1100 may be executed in a computing
device, such as a multi-slot communication device (e.g., 110,
120,200 in FIGS. 1 and 2) using software, general purpose or
dedicated hardware, or a combination of software and hard-
ware, such as a general purpose processor (e.g., 206 FIG. 2),



US 9,385,772 B1

19
a baseband processor (e.g., 216 in FIG. 2), a combined USB
UICC memory manager (e.g., 410 in FIG. 4) or the like.

With reference to FIGS. 1-11, in block 1102, the multi-slot
communication device may receive a memory access request
for a virtual address of the combined USB UICC memory. In
various embodiments, the memory access request may origi-
nate at the application layer (e.g., 420 in FIG. 4) and be
received at the combined USB UICC memory manager (e.g.,
410 in FIG. 4) at the middle layer (e.g., 408 in FIG. 4). The
memory access request may specify a type of memory access
request, such as a read or write request and a virtual address of
the combined USB UICC memory to indicate a location for
executing the memory access request. The memory access
request may further provide data for writing to the virtual
address of the combined USB UICC memory for a write
request.

In determination block 1104, the multi-slot communica-
tion device may determine whether the USB UICC memories
(e.g.,418a-c, 608, 610,708,710, 808, 810, 908,910 in FIGS.
4 and 6 A-9C) that make up the combined USB UICC memory
are electrically connected to the multi-slot communication
device. The multi-slot communication device may retrieve
the USB UICC IDs for the USB UICC memories that make up
the combined USB UICC memory from the USB UICC
memory correlation table (e.g., 500 in FIG. 5) and from the
connected USB UICC memories, and compare them. A
match for all of the USB UICC IDs for the USB UICC
memories that make up the combined USB UICC memory to
the connected USB UICC memories may indicate that the
necessary USB UICC memories are electrically connected to
the multi-slot communication device. A miss on any of the
USB UICC IDs for the USB UICC memories that make up the
combined USB UICC memory may indicate that not all of the
USB UICC memories that make up the combined USB UICC
memory are electrically connected to the multi-slot commu-
nication device.

In response to determining that not all of the USB UICC
memories that make up the combined USB UICC memory are
electrical connected to the multi-slot communication device
(i.e., determination device 1104="No”), the multi-slot com-
munication device may provide a notification that at least one
of the USB UICC memories of the combined USB UICC
memory is not connected to the multi-slot communication
device in block 1106. In block 1108, the multi-slot commu-
nication device may provide an option to connect to a remote
USB UICC memory (e.g., 808, 810, 908, 910 in FIGS. 8A-C
and 9A-C). The notification in block 1106 of the message and
the option in block 1108 may be similar to the displays made
in blocks 1006 and 1016 (e.g., as described with reference to
FIG. 10).

In determination block 1110, the multi-slot communica-
tion device may receive an input indicating whether to con-
nect to the remote USB UICC memory via a wireless con-
nection (e.g., 132, 142, 816 as described with reference to
FIGS. 1, 8A-C, and 9A-C). The input may indicate an instruc-
tion for the multi-slot communication device is to connect to
the remote USB UICC memory via the wireless connection,
or to not connect to the remote USC UICC memory.

In response to the received input indicating the instruction
for the multi-slot communication device to connect to the
remote USB UICC memory via the wireless connection (i.e.,
determination block 1110="Yes”), the multi-slot communi-
cation device may attempt to connect to the remote USB
UICC of the combined UICC memory in block 1112. In
various embodiments, the multi-slot communication device
may use the unique USB UICC ID of the remote USB UICC
memory from the USB UICC memory correlation table to

10

15

20

25

30

35

40

45

50

55

60

65

20

attempt a connection with the remote USB UICC memory
over the wireless network or another network using a different
protocol. For example, the unique USB UICC ID may be the
international mobile subscriber identity (IMSI) of the USB
UICC on which the remote USB UICC memory is located.

The multi-slot communication device may attempt to con-
nect via a cellular network using the IMSI to identify to the
cellular network the USB UICC to which a connection is
desired. Similarly, the unique USB UICC ID may allow for
the multi-slot communication device to detect and recognize
the remote USB UICC having the remote USB UICC
memory connected to another computing device over a
WLAN or PAN.

When the multi-slot communication device is provided a
connection to the another computing device in which the USB
UICC is installed, the two devices may engage in a handshake
exchange of information to enable a data connection to the
USB UICC. In some implementations the data connection
may be established via the cellular network over which access
to the USB UICC was requested. In some implementations
the data connection may be established after the handshake
exchange via a different network using a different protocol,
such as a WLAN, a Bluetooth data link, a WiFi Direct data
link, etc. Further, the remote USB UICC may decide to oft-
load the data to a third memory location and provide details of
that other memory location to the multi-slot communication
device in order to avoid a lengthy data link with the requesting
multi-slot communication device. Upon receiving such mes-
sage, the multi-slot communication device may update its
table with new location of data that was earlier associated
with remote USB UICC. Computing device in which the USB
UICC is installed may also indicate whether it is removing the
data from memory once offloaded to a third memory location,
thus indicating to the requesting multi-slot communication
device that it can to permanently update its table.

In determination block 1114, the multi-slot communica-
tion device may determine whether the attempt to connect to
the remote USB UICC memory is successful. In response to
determining that the attempt to connect to the remote USB
UICC memory was unsuccessful (i.e., determination block
1114="“No”), the multi-slot communication device may pro-
vide a message indicating the failure to connect to the remote
USB UICC memory in block 1116. In block 1118, the multi-
slot communication device may provide an option to combine
and use the connected USB UICC memories, or use the
already combined USB UICC memory connected to the
multi-slot communication device for the memory access
request. The message provided in block 1116 and the option
provided in block 1118 may be similar to the displays made in
blocks 1006 and 1016 (e.g., as described with reference to
FIG. 10). In block 1120, the multi-slot communication device
may execute the memory access request using the combined
USB UICC memory. The memory access request may be
executed (e.g., as described with reference to FIGS. 4 and 13).
In response to determining that the attempt to connect to the
remote USB UICC memory is successful (i.e., determination
block 1114=Yes”), the multi-slot communication device
may execute the memory access request using the combined
USB UICC memory in block 1120.

In response to determining that all of the USB UICC
memories that make up the combined USB UICC memory are
electrically connected to the multi-slot communication
device (i.e., determination device 1104="Yes”), the multi-
slot communication device may execute the memory access
request using the combined USB UICC memory in block
1120. In response to receiving input indicating that the multi-
slot communication device should not connect to the remote
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USB UICC memory via the wireless connection (i.e., deter-
mination block 1110="No”), the multi-slot communication
device may provide the option to combine and use the con-
nected USB UICC memories, or use the already combined
USB UICC memory connected to the multi-slot communica-
tion device for the memory access request in block 1118.

FIG. 12 illustrates a method 1200 for combining connected
USB UICC memories (e.g., 418a-c, 608, 610, 708, 710 in
FIGS. 4, 6A-C, and 7A-C) in accordance with various
embodiments. The method 1200 may be executed in a com-
puting device, such as a multi-slot communication device
(e.g., 110,120, 200 in FIGS. 1 and 2) using software, general
purpose or dedicated hardware, or a combination of software
and hardware, such as a general purpose processor (e.g., 206
FIG. 2), a baseband processor (e.g., 216 in FIG. 2), a com-
bined USB UICC memory manager (e.g., 410 in FIG. 4) or
the like.

With reference to FIGS. 1-12, in block 1202, the multi-slot
communication device may retrieve the unique USB UICC
1Ds of the connected USB UICCs having selected USB UICC
memories. The multi-slot communication device may
retrieve the unique USB UICC IDs by querying the connected
USB UICC:s for their unique USB UICC IDs. The selected
USB UICC memories may be selected (e.g., in accordance
with the descriptions of block 1012 in FIG. 10).

In optional block 1204, the multi-slot communication
device may determine available USB UICC memory ranges
of the USB UICC memories on the selected, connected USB
UICCs. The multi-slot communication device may determine
the available USB UICC memory ranges by querying or
testing the USB UICC memories on the connected USB
UICCs.

In block 1206, the multi-slot communication device may
create a memory map/USB UICC memory correlation table
entry (e.g., 516,518, 520, 522 in FIG. 5) for the selected USB
UICC memories. The entry may be created, for example, by
writing the data, including at least the unique USB UICC IDs
of the selected USB UICC memories, of an entry to the USB
UICC memory correlation table (e.g., 500 in FIG. 5). The
memory map for the selected USB UICC memories may
correlate physical addresses of the USB UICC memories with
virtual addresses of the combined USB UICC memory. In
block 1208, the multi-slot communication device may point a
single memory mounting point to the selected USB UICC
memories.

FIG. 13 illustrates a method 1300 for executing a memory
access request to a combined USB UICC memory (e.g., 600,
602, 604,700,702,704,800,802,804,900,902,904 in FIGS.
6A-9C) of a multi-slot communication device (e.g., 110, 120,
200 in FIGS. 1 and 2) in accordance with various embodi-
ments. The method 1300 may be executed in a computing
device, such as a multi-slot communication device (e.g., 110,
120,200 in FIGS. 1 and 2) using software, general purpose or
dedicated hardware, or a combination of software and hard-
ware, such as a general purpose processor (e.g., 206 FIG. 2),
a baseband processor (e.g., 216 in FIG. 2), a combined USB
UICC memory manager (e.g., 410 in FIG. 4) or the like.

With reference to FIGS. 1-13, in block 1302, the multi-slot
communication device may identify a virtual address of the
combined USB UICC memory provided by the memory
access request. The memory access request may originate
from the application layer (e.g., 420 FIG. 4), which is
unaware of the separate USB UICCs memories (e.g., 418a-c,
608, 610,708,710, 808, 810,908,910 in FIGS. 4 and 6 A-9C)
that make up the combined USB UICC memory. To read or
write to the USB UICC memories, the memory access request
may be made to the virtual representation of the combined
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USB UICC memory as a single, contiguous USB UICC
memory using virtual addresses of the combined USB UICC
memory. The memory access request may provide the data
necessary to identify the virtual address of the combined USB
UICC memory.

In optional block 1304, the multi-slot communication
device may determine a unique combined USB UICC
memory ID (e.g., data in column 502 in FIG. 5) for the
combined USB UICC memory ID of the memory access
request. In various embodiments, the memory access request
may contain unique combined USB UICC memory ID to
identify the combined USB UICC for implementing the
memory access request. This may aid the multi-slot commu-
nication device to identify the combined USB UICC in the
USB UICC memory correlation table (e.g., 500 in FIG. 5)
from among a number of combined USB UICCs which may
be available to the multi-slot communication device.

In block 1306, the multi-slot communication device may
determine the unique USB UICC IDs (e.g., that data in col-
umns 504, 506, 508 in FIG. 5) associated with the USB UICC
memories that make up the combined USB UICC memory of
the memory access request. In various embodiments, the
multi-slot communication device may retrieve the unique
USB UICC IDs associated with the USB UICC memories
that make up the combined USB UICC memory from the
entry (e.g., 516, 518, 520, 522 in FIG. 5) in the USB UICC
memory correlation table associated with the unique com-
bined USB UICC memory ID. It may not be necessary to use
a unique combined USB UICC memory ID, for example, in
response to only one combined USB UICC memory being
active for the multi-slot communication device. In various
embodiments, the multi-slot communication device may also
provide different ranges of virtual addresses for various com-
bined USB UICC memories. It may be sufficient to use the
virtual address of the memory access request compared to the
combined USB UICC memory range (e.g., data in columns
524,526, 528 in FIG. 5) to locate the entry in the USB UICC
memory correlation table having the unique USB UICC IDs
associated with the USB UICC memories that make up the
combined USB UICC memory.

In determination block 1308, the multi-slot communica-
tion device may determine whether the combined USB UICC
memory of the memory access request is mounted by the
multi-slot communication device. In response to determining
that the combined USB UICC memory of the memory access
request is not mounted (i.e., determination block
1308="“No"), the multi-slot communication device may point
a single memory mounting point to the selected USB UICC
memories that make up the combined USB UICC memory of
the memory access request in block 1310.

In response to determining that the combined USB UICC
memory of the memory access request is mounted (i.e., deter-
mination block 1308="“Yes”) or after the multi-slot commu-
nication device point a single memory mounting point to the
selected USB UICC memories that make up the combined
USB UICC memory of the memory access request, the multi-
slot communication device may translate the virtual address
of'the memory access request to a physical address of at least
one of the USB UICC memories that make up the combined
USB UICC memory of the memory access request in block
1312. As described (e.g., with reference to FIG. 4), the multi-
slot communication device may use a data structure, like a
memory map, or algorithm to translate between virtual
addresses of the combined USB UICC memory and physical
addresses of its underlying USB UICC memories.

In block 1314, the multi-slot communication device may
access the at least one USB UICC memory using an appro-
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priate communication protocol for the USB UICC memory to
read from or write to the USB UICC memory using its physi-
cal addresses. In various embodiments, at least USB commu-
nication protocols are used to communicate with the at least
one of the USB UICC memory of the combined USB UICC
memory. In various embodiments, another UICC memory of
the combined USB UICC memory may be accessed using the
USB communication protocols or other known protocols. In
various embodiments, accessing multiple USB UICC memo-
ries to read from or write to the USB UICC memory using
their physical addresses may allow a file or group of files to be
read from or written to the multiple USB UICC memories
without being concerned with the memory capacities of any
of'the individual USB UICC memories. Portions of the file or
group of files may be read from or written to physical
addresses spanning the multiple USB UICC memories that
are represented by contiguous ranges of virtual memory
addresses. In other words, a single memory access request
transaction from the application layer (e.g., 420 in FIG. 4)
may be implemented at the memory layer (e.g., 416 in FIG. 4)
as individual memory access request transaction to individual
USB UICC memories for various portions of a file or group of
files. Further, returns of various portions of a file or group of
files from the memory layer may be provided to the applica-
tion combined into a single response to the single memory
access request transaction. Various examples of splitting a file
or group of files across the multiple USB UICC memories are
described with reference to FIGS. 6 A-9C.

FIG. 14 illustrates an exemplary multi-slot communication
device 1400 suitable for use with the various embodiments.
The multi-slot communication device 1400 may be similar to
the multi-technology device 110, 120, 200 (e.g., FIGS. 1 and
2). With reference to FIGS. 1-14, the multi-slot communica-
tion device 1400 may include a processor 1402 coupled to a
touchscreen controller 1404 and an internal memory 1406.
The processor 1402 may be one or more multicore integrated
circuits designated for general or specific processing tasks.
The internal memory 1406 may be volatile or non-volatile
memory, and may also be secure and/or encrypted memory, or
unsecure and/or unencrypted memory, or any combination
thereof. The touchscreen controller 1404 and the processor
1402 may also be coupled to a touchscreen panel 1412, such
as a resistive-sensing touchscreen, capacitive-sensing touch-
screen, infrared sensing touchscreen, etc. Additionally, the
display of the multi-slot communication device 1400 need
not have touch screen capability.

The multi-slot communication device 1400 may have two
or more cellular network transceivers 1408, 1409 coupled to
antennae 1410, 1411, for sending and receiving communica-
tions via a cellular communication network. The combination
of the transceiver 1408 or 1409 and its associated antenna
1410 or 1411, and associated components, is referred to
herein as a radio frequency (RF) chain. The cellular network
transceivers 1408, 1409 may be coupled to the processor
1402, which is configured with processor-executable instruc-
tions to perform operations of the embodiment methods
described above. The cellular network transceivers 1408,
1409 and antennae 1410, 1411 may be used with the above-
mentioned circuitry to implement the various wireless trans-
mission protocol stacks and interfaces. The multi-slot com-
munication device 1400 may include one or more cellular
network wireless modem chips 1416 coupled to the processor
and the cellular network transceivers 1408, 1409 and config-
ured to enable communication via cellular communication
networks.

The multi-slot communication device 1400 may include a
peripheral device connection interface 1418 coupled to the
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processor 1402. The peripheral device connection interface
1418 may be singularly configured to accept one type of
connection, or may be configured to accept various types of
physical and communication connections, common or pro-
prietary, such as USB, FireWire, Thunderbolt, or PCle. The
peripheral device connection interface 1418 may also be
coupled to a similarly configured peripheral device connec-
tion port (not shown).

The multi-slot communication device 1400 may also
include speakers 1414 for providing audio outputs. The
multi-slot communication device 1400 may also include a
housing 1420, constructed of a plastic, metal, or a combina-
tion of materials, for containing all or some of the compo-
nents discussed herein. The multi-slot communication device
1400 may include a power source 1422 coupled to the pro-
cessor 1402, such as a disposable or rechargeable battery. The
rechargeable battery may also be coupled to the peripheral
device connection port to receive a charging current from a
source external to the multi-slot communication device 1400.
The multi-slot communication device 1400 may also include
a physical button 1424 for receiving user inputs. The multi-
slot communication device 1400 may also include a power
button 1426 for turning the multi-slot communication device
1400 on and off.

The various aspects (including, but not limited to, aspects
discussed above with reference to FIGS. 1-15) may be imple-
mented in a wide variety of computing systems, which may
include a variety of mobile computing devices, such as a
laptop computer 1500 illustrated in FIG. 15. With reference to
FIGS. 1-15, many laptop computers include a touchpad touch
surface 1517 that serves as the computer’s pointing device,
and thus may receive drag, scroll, and flick gestures similar to
those implemented on computing devices equipped with a
touch screen display and described above. A laptop computer
1500 will typically include a processor 1511 coupled to vola-
tile memory 1512 and a large capacity nonvolatile memory,
such as a disk drive 1513 of Flash memory. Additionally, the
computer 1500 may have one or more antenna 1508 for
sending and receiving electromagnetic radiation that may be
connected to a wireless data link and/or cellular telephone
transceiver 1516 coupled to the processor 1511. The com-
puter 1500 may also include a floppy disc drive 1514 and a
compact disc (CD) drive 1515 coupled to the processor 1511.
In a notebook configuration, the computer housing includes
the touchpad 1517, the keyboard 1518, and the display 1519
all coupled to the processor 1511. Other configurations of the
computing device may include a computer mouse or trackball
coupled to the processor (e.g., via a USB input) as are well
known, which may also be used in conjunction with the
various aspects.

The various aspects (including, but not limited to, aspects
discussed above with reference to FIGS. 1-16) may be imple-
mented in a wide variety of computing systems, which may
include any of a variety of commercially available servers for
compressing data in server cache memory. An example server
1600 is illustrated in FIG. 16. With reference to FIGS. 1-16,
such a server 1600 typically includes one or more multi-core
processor assemblies 1601 coupled to volatile memory 1602
and a large capacity nonvolatile memory, such as a disk drive
1604. As illustrated in FIG. 16, multi-core processor assem-
blies 1601 may be added to the server 1600 by inserting them
into the racks of the assembly. The server 1600 may also
include a floppy disc drive, compact disc (CD) or DVD disc
drive 1606 coupled to the processor 1601. The server 1600
may also include network access ports 1603 coupled to the
multi-core processor assemblies 1601 for establishing net-
work interface connections with a network 1605, such as a
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local area network coupled to other broadcast system com-
puters and servers, the Internet, the public switched telephone
network, and/or a cellular data network (e.g., CDMA,
TDMA, GSM, PCS, 3G, 4G, LTE, or any other type of cel-
Iular data network).

Computer program code or “program code” for execution
on a programmable processor for carrying out operations of
the various aspects may be written in a high level program-
ming language such as C, C++, C#, Smalltalk, Java, JavaS-
cript, Visual Basic, a Structured Query Language (e.g., Trans-
act-SQL), Perl, or in various other programming languages.
Program code or programs stored on a computer readable
storage medium as used in this application may refer to
machine language code (such as object code) whose format is
understandable by a processor.

Many computing devices operating system kernels are
organized into a user space (where non-privileged code runs)
and a kernel space (where privileged code runs). This sepa-
ration is of particular importance in Android and other gen-
eral public license (GPL) environments in which code that is
part of the kernel space must be GPL licensed, while code
running in the user-space may not be GPL licensed. It should
be understood that the various software components/modules
discussed here may be implemented in either the kernel space
or the user space, unless expressly stated otherwise.

The foregoing method descriptions and the process flow
diagrams are provided merely as illustrative examples and are
not intended to require or imply that the steps of the various
embodiments must be performed in the order presented. As
will be appreciated by one of skill in the art the order of steps
in the foregoing embodiments may be performed in any order.
Words such as “thereafter,” “then,” “next,” etc. are not
intended to limit the order of the steps; these words are simply
used to guide the reader through the description of the meth-
ods. Further, any reference to claim elements in the singular,
for example, using the articles “a,” “an” or “the” is not to be
construed as limiting the element to the singular.

The various illustrative logical blocks, modules, circuits,
and algorithm steps described in connection with the embodi-
ments disclosed herein may be implemented as electronic
hardware, computer software, or combinations of both. To
clearly illustrate this interchangeability of hardware and soft-
ware, various illustrative components, blocks, modules, cir-
cuits, and steps have been described above generally in terms
of their functionality. Whether such functionality is imple-
mented as hardware or software depends upon the particular
application and design constraints imposed on the overall
system. Skilled artisans may implement the described func-
tionality in varying ways for each particular application, but
such implementation decisions should not be interpreted as
causing a departure from the scope of the present invention.

The hardware used to implement the various illustrative
logics, logical blocks, modules, and circuits described in
connection with the various embodiments may be imple-
mented or performed with a general purpose processor, a
digital signal processor (DSP), an application specific inte-
grated circuit (ASIC), a field programmable gate array
(FPGA) or other programmable logic device, discrete gate or
transistor logic, discrete hardware components, or any com-
bination thereof designed to perform the functions described
herein. A general-purpose processor may be a microproces-
sor, but, in the alternative, the processor may be any conven-
tional processor, controller, microcontroller, or state machine
A processor may also be implemented as a combination of
computing devices, e.g., a combination of a DSP and a micro-
processor, a plurality of microprocessors, one or more micro-
processors in conjunction with a DSP core, or any other such
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configuration. Alternatively, some steps or methods may be
performed by circuitry that is specific to a given function.

In one or more exemplary embodiments, the functions
described may be implemented in hardware, software, firm-
ware, or any combination thereof. If implemented in soft-
ware, the functions may be stored as one or more instructions
or code on a non-transitory computer-readable storage
medium or non-transitory processor-readable storage
medium. The steps of a method or algorithm disclosed herein
may be embodied in a processor-executable software module
which may reside on a non-transitory computer-readable or
processor-readable storage medium. Non-transitory com-
puter-readable or processor-readable storage media may be
any storage media that may be accessed by a computer or a
processor. By way of example but not limitation, such non-
transitory computer-readable or processor-readable storage
media may include RAM, ROM, EEPROM, FLASH
memory, CD-ROM or other optical disk storage, magnetic
disk storage or other magnetic storage devices, or any other
medium that may be used to store desired program code in the
form of instructions or data structures and that may be
accessed by a computer. Disk and disc, as used herein,
includes compact disc (CD), laser disc, optical disc, digital
versatile disc (DVD), floppy disk, and blu-ray disc where
disks usually reproduce data magnetically, while discs repro-
duce data optically with lasers. Combinations of the above are
also included within the scope of non-transitory computer-
readable and processor-readable media. Additionally, the
operations of a method or algorithm may reside as one or any
combination or set of codes and/or instructions on a non-
transitory processor-readable storage medium and/or com-
puter-readable storage medium, which may be incorporated
into a computer program product.

The preceding description of the disclosed embodiments is
provided to enable any person skilled in the art to make or use
the present invention. Various modifications to these embodi-
ments will be readily apparent to those skilled in the art, and
the generic principles defined herein may be applied to other
embodiments without departing from the spirit or scope of the
invention. Thus, the present invention is not intended to be
limited to the embodiments shown herein but is to be
accorded the widest scope consistent with the following
claims and the principles and novel features disclosed herein.

What is claimed is:

1. A method for managing multiple memory devices as a
single contiguous memory, comprising:

determining a portion of a memory on a multi-slot com-

munication device is associated with a portion of a
removable memory as the single contiguous memory;
attempting to access the single contiguous memory on the

multi-slot communication device;

determining that the removable memory is inaccessible on

the multi-slot communication device;

identifying a unique identifier of the removable memory;

connecting to the removable memory connected to a wire-

less device via a wireless network by the multi-slot com-
munication device; and

accessing the memory and the removable memory as the

single contiguous memory by the multi-slot communi-
cation device using the wireless network to access the
removable memory by the multi-slot communication
device.

2. The method of claim 1, further comprising translating a
memory access request for a virtual memory address to at
least one memory access request for a physical address of at
least one of the memory on the multi-slot communication
device and the removable memory on the wireless device.
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3. The method of claim 2, wherein translating a memory
access request for a virtual memory address to at least one
memory access request for a physical address of at least one
of the memory on the multi-slot communication device and
the removable memory on the wireless device comprises
translating the memory access request for the virtual memory
address to a plurality of memory access requests for physical
addresses of both the memory and the removable memory.

4. The method of claim 3, further comprising dividing a file
or group of files of the memory access request for the virtual
memory address among the plurality of memory access
requests for the physical addresses of both the memory and
the removable memory.

5. The method of claim 2, wherein accessing the memory
and the removable memory as the single contiguous memory
by the multi-slot communication device using the wireless
network to access the removable memory by the multi-slot
communication device comprises sending the memory access
request for the physical address of the removable memory to
the removable memory over the wireless network by the
multi-slot communication device.

6. The method of claim 2, wherein translating a memory
access request for a virtual memory address to at least one
memory access request for a physical address of at least one
of the memory on the multi-slot communication device and
the removable memory on the wireless device is accom-
plished in a middle layer,

the method further comprising operating an application in

an application layer using the virtual memory address as
if the memory and the removable memory were a single
contiguous memory within the multi-slot communica-
tion device.

7. The method of claim 1, wherein determining a portion of
amemory on a multi-slot communication device is associated
with a portion of a removable memory as the single contigu-
ous memory comprises retrieving an entry of memory corre-
lation data correlating a unique identifier of the memory and
the unique identifier of the removable memory on the multi-
slot communication device.

8. The method of claim 1, wherein:

the removable memory is a removable universal integrated

circuit card (UICC) memory;

the wireless network is cellular network; and

connecting to the removable memory connected to a wire-

less device via a wireless network comprises connecting
to the removable UICC memory connected to the wire-
less device via the cellular network using the unique
identifier of the removable UICC memory by the multi-
slot communication device.

9. The method of claim 8, wherein the UICC memory is a
universal serial bus (USB) UICC memory.

10. The method of claim 1, wherein the memory is a uni-
versal serial bus (USB) memory.

11. The method of claim 1, wherein connecting to the
removable memory connected to a wireless device via a wire-
less network by the multi-slot communication device com-
prises:

engaging in a handshake exchange of information; and

enabling a data connection to the removable memory.

12. The method of claim 11, wherein:

engaging in a handshake exchange of information com-

prises engaging in the handshake exchange of informa-
tion via a first wireless network; and

enabling a data connection to the removable memory com-

prises enabling a data connection to the removable
memory via a second wireless network.
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13. The method of claim 12, wherein:
the first wireless network comprises a cellular network;
and
enabling a data connection to the removable memory via a
second wireless network comprises using one of a wire-
less local area network (WLAN) protocol, a Bluetooth
data link, and a WiFi Direct data link.
14. The method of claim 1, further comprising:
receiving, from the wireless device, details of the portion of
the removable memory offloaded by the wireless device
to another memory;
updating a memory correlation table to reflect the details of
the portion of the removable memory offloaded by the
wireless device to the other memory; and
wherein accessing the memory and the removable memory
as the single contiguous memory by the multi-slot com-
munication device using the wireless network to access
the removable memory by the multi-slot communication
device comprises accessing the memory and the other
memory containing the portion of the removable
memory offloaded by the wireless device to the other
memory as the single contiguous memory by the multi-
slot communication device.
15. A multi-slot communication device, comprising:
a first memory device interface slot configured to electri-
cally connect to a memory;
a second memory device interface slot configured to elec-
trically connect to a removable memory;
a processor configured to execute a memory manager com-
ponent and configured with processor-executable
instructions to:
determine a portion of the memory on the multi-slot
communication device is associated with a portion of
the removable memory configured as a single con-
tiguous memory;

attempt to access the single contiguous memory on the
multi-slot communication device;

determine that the removable memory is inaccessible on
the multi-slot communication device;

identify a unique identifier of the removable memory;

connect to the removable memory connected to a wire-
less device via a wireless network by the multi-slot
communication device; and

access the memory and the removable memory as the
single contiguous memory by the multi-slot commu-
nication device using the wireless network to access
the removable memory by the multi-slot communica-
tion device.

16. The multi-slot communication device of claim 15,
wherein the processor is further configured with processor-
executable instructions to translate a memory access request
for a virtual memory address to at least one memory access
request for a physical address of at least one of the memory on
the multi-slot communication device and the removable
memory on the wireless device.

17. The multi-slot communication device of claim 16,
wherein the processor is further configured with processor-
executable instructions to translate a memory access request
for a virtual memory address to at least one memory access
request for a physical address of at least one of the memory on
the multi-slot communication device and the removable
memory on the wireless device by translating the memory
access request for the virtual memory address to a plurality of
memory access requests for physical addresses of both the
memory and the removable memory.

18. The multi-slot communication device of claim 17,
wherein the processor is further configured with processor-
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executable instructions to divide a file or group of files of the
memory access request for the virtual memory address
among the plurality of memory access requests for the physi-
cal addresses of both the memory and the removable memory.
19. The multi-slot communication device of claim 16,
wherein the processor is further configured with processor-
executable instructions to access the memory and the remov-
able memory as a single contiguous memory by the multi-slot
communication device using the wireless network to access
the removable memory by the multi-slot communication
device by sending the memory access request for the physical
address of the removable memory to the removable memory
over the wireless network by the multi-slot communication
device.
20. The multi-slot communication device of claim 16,
wherein the processor is further configured with processor-
executable instructions to:
translate a memory access request for a virtual memory
address to at least one memory access request for a
physical address of at least one of the memory on the
multi-slot communication device and the removable
memory on the wireless device in a middle layer; and

operate an application in an application layer using the
virtual memory address as if the memory and the remov-
able memory were the single contiguous memory within
the multi-slot communication device.

21. The multi-slot communication device of claim 15,
wherein the processor is further configured with processor-
executable instructions to determine a portion of the memory
on the multi-slot communication device is associated with a
portion of the removable memory as the single contiguous
memory by retrieving an entry of memory correlation data
correlating a unique identifier of the memory and the unique
identifier of the removable memory on the multi-slot commu-
nication device.

22. The multi-slot communication device of claim 15,
wherein:

the removable memory is a removable universal integrated

circuit card (UICC) memory;

the wireless network is cellular network; and

the processor is further configured with processor-execut-

able instructions to connect to the removable memory
connected to a wireless device via a wireless network by
connecting to the removable UICC memory connected
to the wireless device via the cellular network using the
unique identifier of the removable UICC memory by the
multi-slot communication device.

23. The multi-slot communication device of claim 22,
wherein the UICC memory is a universal serial bus (USB)
UICC memory.

24. The multi-slot communication device of claim 15,
wherein the memory is a universal serial bus (USB) memory.

25. The multi-slot communication device of claim 15,
wherein the processor is further configured with processor-
executable instructions to connect to the removable memory
connected to a wireless device via a wireless network by the
multi-slot communication device by:

engaging in a handshake exchange of information; and

enabling a data connection to the removable memory.

26. The multi-slot communication device of claim 25,
wherein the processor is further configured with processor-
executable instructions to:

engage in a handshake exchange of information by engag-

ing in the handshake exchange of information via a first
wireless network; and
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enable a data connection to the removable memory by
enabling the data connection to the removable memory
via a second wireless network.

27. The multi-slot communication device of claim 26,
wherein:

the first wireless network comprises a cellular network;

and

the processor is further configured with processor-execut-

able instructions to enable a data connection to the
removable memory via a second wireless network by
using one of a wireless local area network (WLAN)
protocol, a Bluetooth data link, and a WiFi Direct data
link.

28. The multi-slot communication device of claim 15,
wherein the processor is further configured with processor-
executable instructions to:

receive, from the wireless device, details of the portion of

the removable memory offloaded by the wireless device
to another memory;

update a memory correlation table to reflect the details of

the portion of the removable memory offloaded by the
wireless device to the other memory; and

access the memory and the removable memory as the

single contiguous memory by the multi-slot communi-
cation device using the wireless network to access the
removable memory by the multi-slot communication
device by accessing the memory and the other memory
containing the portion of the removable memory off-
loaded by the wireless device to the other memory as the
single contiguous memory by the multi-slot communi-
cation device.

29. A multi-slot communication device, comprising:

means for electrically connecting to a memory;

means for electrically connecting to a removable memory

means for determining a portion of the memory on the

multi-slot communication device is associated with a
portion of the removable memory that is configured as a
single contiguous memory;

means for attempting to access the single contiguous

memory on the multi-slot communication device;
means for determining that the removable memory is inac-
cessible on the multi-slot communication device;
means for identitying a unique identifier of the removable
memory;
means for connecting to the removable memory connected
to a wireless device via a wireless network by the multi-
slot communication device; and

means for accessing the memory and the removable

memory as the single contiguous memory by the multi-
slot communication device using the wireless network
to access the removable memory by the multi-slot com-
munication device.

30. A non-transitory processor-readable medium having
stored thereon processor-executable software instructions to
cause a processor to perform operations comprising:

determining a portion of a memory on a multi-slot com-

munication device is associated with a portion of a
removable memory configured as a single contiguous
memory;

attempting to access the single contiguous memory on the

multi-slot communication device;

determining that the removable memory is inaccessible on

the multi-slot communication device;

identifying a unique identifier of the removable memory;

connecting to the removable memory connected to a wire-

less device via a wireless network by the multi-slot com-
munication device; and
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accessing the memory and the removable memory as the
single contiguous memory by the multi-slot communi-
cation device using the wireless network to access the
removable memory by the multi-slot communication
device. 5
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